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Abstract This study first report to identify the

mating type (-)-specific gene of alpha-box and the

mating type (?)-specific gene of the high-mobility-

group (HMG) DNA-binding domain in zoophilic

dermatophytes of Arthroderma benhamiae in an effort

to understand the epidemiological characteristics of

Trichophyton mentagrophytes. The sequence of the

alpha-box gene (1,387 bp) was found to contain two

exons, from 184 to 475 bp and from 525 to 1,387 bp,

coding a protein of 384 amino acids, beginning with a

putative initiating methionine (ATG). The sequence of

the HMG gene (1,910 bp) contained two exons, from

234 to 415 bp and from 479 to 1,457 bp, coding a

protein of 386 amino acids, beginning with a putative

initiating methionine (ATG).

PCR analysis detected the alpha-box gene in

A. benhamiae (-) mating type strains but not in (?)

mating type strains. On the other hand, the HMG gene

was detected in A. benhamiae (?) mating type strains

but not in (-) mating type strains. These findings

suggest that the HMG and alpha-box genes could be

specific to the (?) and (-) mating types, respectively.
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Introduction

In filamentous ascomycetes, the mating type genes

are found on a MAT locus [1, 2]. The MAT locus is a

region of low sequence similarity between two

opposite mating types of fungi and is different in

the idiomorph in each mating type [1, 2]. The MAT

locus usually contains genes for one or more

transcription factors with structural motifs such as

alpha-box (in MAT1-1) and the high-mobility-group

(HMG) DNA-binding domain (in MAT1-2).

The dermatophytes are members of the genera

Trichophyton, Microsporum, and Epidermophyton.

Their sexual states are classified in the genus

Arthroderma. Many but not all members of Arthro-

derma frequently cause infections in keratinized

tissues, that is, the epidermis and hair and nails, in

humans and animals [3]. Full genome sequences of

different dermatophyte species (Microsporum gypse-

um, M. canis, Trichophyton rubrum, T equinum, and

T. tosurans) have become available for the public

(Broad Institute; http://broad.mit.edu/science/data#).

Wenjun et al. identified the MAT locus of four
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dermatophytes (Microsporum gypseum, M. canis,

Trichophyton rubrum, and T. tosurans) but did not

examine that of Trichophyton mentagrophytes [4].

T. mentagrophytes is one of the causative agents of

both human and animal dermatophytoses and divided

into two distinct forms; zoophilic and anthropophilic

[3]. The zoophilic isolates of T. mentagrophytes have

been generally identified by morphological and

biochemical examination as well as through mating

experiments. The confirmed teleomorphs of the

zoophilic isolates of the T. mentagrophytes complex

are A. benhamiae, A. simii, and A. vanbreuseghemii

[5–7]. On the other hand, no teleomorph has been

identified in T. mentagrophytes var. interdigitale as in

the other anthropophilic strains like T. rubrum. The

mating ability of dermatophytes appears to be related

to their pathogenicity in humans and animals [3].

The aim of this study was to confirm the existence

of the alpha-box and HMG genes in genomic DNA

from A. benhamiae by PCR analysis and to examine

their specificity to the mating types of A. benhamiae, in

order to clarify the epidemiological characteristics of

T. mentagrophytes.

Materials and Methods

Strains

The type strains of A. benhamiae, (?) mating type

strain, VUT-77011, and (-) mating type strain,

VUT-77012, were used in this study. The type strains

and the other strains of A. benhamiae used are listed

in Table 1.

Preparation of Genomic DNA

Mycelia of strains were obtained by culturing cells in

Sabouraud’s dextrose broth at 27�C for 7 days [3].

The mycelial cells of dermatophytes were collected

by centrifugation at 1,500 9g for 5 min and then

frozen in liquid nitrogen and homogenized. They

were then lysed in a lysis buffer containing 1 mg of

zymolyase-100T/ml (Takara Bio Company, Kyoto,

Japan), 0.1 mM EDTA, 0.1% sodium dodecyl sulfate

(SDS), 10 mM Tris hydrochloride (pH 8.0), and 0.3%

2-mercaptoethanol, at 37�C for 16 h. High molecular

weight DNA was extracted from the mycelial cells by

the phenol/chloroform method. DNA samples dis-

solved in TE buffer (10 mM Tris–HCl, pH 8.0, and

1 mM EDTA) were used for further analysis.

Alpha-Box Gene Sequence

To clone the alpha-box gene from 4 (-) mating type

strains (VUT-77012, VUT-97010, 4–23, and 4–40),

primers were prepared based on the conserved

sequence of the alpha-box gene of Microsporum

gypseum MAT1-1 and T. rubrum MAT 1-1 [4]. The

sense primers were ABalpha1S (1–19 bp): 50-GCA

Table 1 Strains of A. benhamiae used in this study

Strain Mating type Origin

*VUTa-77011 (?) IAMb 12704 = RVc 26678

NUBSd-09011 (?) Clinical isolate from hamster

*4–13e (?)

*4–18e (?)

*VUT-77012 (-) IAM 12705 = RV 26680

*VUT-97010 (-) Clinical isolate from rabbit

*4–23e (-)

*4–40e (-)

a VUT School of Veterinary Medicine, University of Tokyo
b IAM Institute of Applied Microbiology, University of Tokyo
c RV Institute de Medecine Tropicale, Antwerp, Bergium
d NUBS Nihon University College of Bioresource Sciences
e F1 progeny of RV26678 and KMU 4169 [11]

* Sequence analysis in this study
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AGTTCACCTCCCAGCC, Abalpha2S (400–409 bp):

ACTCGACCTGCGTCACGCAG, and Abalpha3S

(736–754 bp): CCTTGATACCATGGGTTTG. The

antisense primers were ABalpha1R (1–19 bp): 50-G
CAAGTTCACCTCCCAGCC, Abalpha2R (400–409 bp):

ACTCGACCTGCGTCACGCAG, and Abalpha3R

(1,368–1,387 bp): CCTTGATACCATGGGTTTG.

Thirty-five cycles of PCR amplification were

performed under the following conditions: denatur-

ation for 1 min at 94�C, primer annealing for 1 min at

55�C, and polymerization for 2 min at 72�C in the

total reaction volume of 30 ll of amplification

mixture containing 10 mM Tris–HCl (pH 8.3),

50 mM KCl, 1.5 mM MgCl2, 0.001% gelatin,

200 mM each deoxynucleoside triphosphate, 1.0 U

Taq polymerase (Takara, Kyoto, Japan), and 0.5 lg

of each primer.

The PCR products were purified by gel electro-

phoresis and cloned into the pCRII vector (Invitro-

gen, San Diego, CA, USA). The plasmid DNA from

more than three clones of each species was extracted

using the QIAGEN plasmid kit (QIAGEN, Vallencia,

CA, USA) and separately sequenced by the dideoxy

chain termination method using an ABI PRISM 310

Genetic Analyzer (PerkinElmer, Inc., Foster City,

CA, USA).

HMG Gene Sequence

To clone the HMG gene 3 (?) mating type strains

(VUT-77011, 4–13 and 4–18), degenerate primer

sequences were prepared based on the conserved

amino acid sequence of the HMG box transcription

factor of Aspergillus nidulans MAT1-2-1 [2]. The

sense primer (HsHMG1S) was 50-CCI CGI CCI CCI

AAT(C) GCI TT-30 (amino acid sequence,

PRPPNAF), and the antisense primer (HsHMG1R)

was 50-CGI CGT(C) TTT(C) TTT(C) TCI GAI GG-30

(amino acid sequence, PSEKKRR).

The gene-specific primers for GenomeWalkerTM

were designed from the sequences of progressively

amplified products beginning with the sequences of the

MAT1-2 gene fragment of A. benhamiae. Genome-

WalkerTM procedures were carried out according to

the GenomeWalkerTM Universal user manual (Taka-

ra). The PCR products obtained were sequenced using

the techniques mentioned previously.

PCR Analysis of the Alpha-Box and HMG Genes

Specific to the Genomic DNA of the

A. benhamiae (?) and (-) Mating Type Strains

The primers Abalpha3S and Abalpha3R amplified a

650-bp fragment of the A. benhamiae alpha-box gene.

The primers used for amplification of the HMG

fragment were 50-CTGTATCGCCAACATCACCA-

30 (primer ABHMG1S; nucleotides [nt.] 714–733 in

the A. benhamiae HMG sequence DDBJ - AB542198)

and 50-AGCCTCACTGGGCATCATCA-30 (primer

ABHMG1R; nt. 1,455–1,474 in the same sequence).

The genomic DNA samples (100 ng) were ampli-

fied by PCR in a volume of 30 ll, using a reaction

mixture containing 10 mM Tris–HCl (pH 8.3),

50 mM KCl, 1.5 mM MgCl2, 0.001% gelatin,

200 mM each deoxynucleoside triphosphate, 1.0 unit

of Taq polymerase (Takara), and 0.5 lg of a pair of

primers. Amplification was carried out over 35 cycles

consisting of template denaturation (1 min, 94�C),

primer annealing (1 min, 55�C), and polymerization

(2 min, 72�C). The PCR products were analyzed on a

2% agarose gel, stained with ethidium bromide, and

visualized with UV light.

Results and Discussion

The sequence of the alpha-box gene (1,387 bp)

contained two exons, from 184 to 475 bp and from

525 to 1,387 bp, coding a protein of 384 amino acids,

beginning with a putative initiating methionine

(ATG).

These two amino acid sequences of the A. benh-

amiae alpha-box gene shared approximately 76.3%

sequence similarity with that of the Microsporum

gypseum alpha-box gene in the conserved region

(GenBank accession number: FJ798800) (Fig. 1), but

only shared 35 and 36% sequence similarity with those

of the Coccidioides immitis alpha-box gene (GenBank

accession number: EF512009S4) and the Coccidioides

posadasii alpha-box gene (GenBank accession num-

ber: EF512013), respectively, in the conserved region.

Nucleotide sequence and putative amino acid

sequence similarities were 99% and 93–99%, respec-

tively, among the alpha-box genes of the four A.

benhamiae strains (VUT-77012, VUT-97010, 4–23,

and 4–40). The sequences determined in this study

Mycopathologia (2011) 171:333–337 335

123



have been deposited in GenBank (Arthroderma benh-

amiae alpha-box gene for the alpha-box domain protein,

complete coding sequences (cds). GenBank accession

numbers: AB570254, AB570255, AB570256, and

AB570257).

The sequence of the HMG gene (1,910 bp) con-

tained two exons, from 234 to 415 bp and from 479

to 1,457 bp, coding a protein of 386 amino acids,

beginning with a putative initiating methionine

(ATG).

Nucleotide sequence and putative amino acid

sequence similarities were 99% and 99–100%,

respectively, among the HMG genes of the three A.

benhamiae strains (VUT-77011, 4–13 and 4–18). The

sequences determined in this study have been depos-

ited in GenBank (Arthroderma benhamiae HMG

gene for the HMG domain protein, complete cds.

GenBank accession numbers: AB542198, AB570252,

and AB570253).

The amino acid sequences of the A. benhamiae

HMG genes and Microsporum gypseum HMG gene

shared approximately 80.5% sequence similarity in

the conserved region (GenBank accession number:

FJ798798) (Fig. 2), but only shared 42 and 43.5%

sequence similarity with those of the Ajellomyces

capsulatus HMG gene (GenBank accession number:

EF472255) and the Coccidioides posadasii HMG

gene (GenBank accession number: EF472258),

respectively, in the conserved region.

Previous phylogenetic studies of 18S and 25S

rDNA sequences indicated that the dermatophytes are

closely related to A. capsulatus and C. posadasii [8,

9]. In a previous study, we sequenced the chitin

synthase 1 (CHS1) gene of A. benhamiae and found

that the amino acid sequence of the A. benhamiae

CHS1 gene in the conserved region shared approx-

imately 70% sequence similarity with the Aspergillus

nidulans CHSC gene, the Coccidioides immitis CHS1

gene, the Exophiala dermatitidis CHS2 gene, and the

Neurospora crassa CHS3 gene [10].

Therefore, the alpha-box and the HMG genes of

dermatophytes might be intraspecifically conserved

among species and be low sequence sililality from the

other MAT genes of filamentous ascomycetes.

In the present study, the sequences of the alpha-box

and HMG genes of A. benhamiae were fully deter-

mined. The amino acid sequence similarity of the alpha-

box genes between A. benhamiae and M. gypseum was

relatively high (Fig. 1). However, neither of these

two alpha-box genes had the highly conserved alpha-

box signature sequences ‘‘RPLNSFIAFRSFYS’’ and

‘‘DPFKAKWAIVAKAYS’’ of filamentous ascomyce-

tes [2].

The amino acid sequence similarity between the

A. benhamiae and M. gypseum HMG genes was

relatively high, particularly in the highly conserved

HMG signature sequences ‘‘PRPPNAFILYR’’ and

‘‘PRKPSEKKRR’’ of filamentous ascomycetes [2]

(Fig. 2). Thus, the amino acid sequences of the A.

benhamiae HMG gene were examined in further

detail.

PCR analysis using 35 amplification cycles also

detected the alpha-box gene in A. benhamiae (-)

mating type strains, but not in A. benhamiae (?)

mating type strains (Fig. 3). On the other hand, the

HMG gene was detected in the A. benhamiae (?)

mating type strains, but not in the A. benhamiae (-)

mating type strains (Fig. 3).

PCR analysis indicated that the alpha-box gene is

present exclusively in A. benhamiae (-) mating type

strains while the HMG gene is present exclusively in

A. benhamiae (?) mating type strains (Fig. 3). These

results suggest that the alpha-box gene and HMG

gene exist in the opposite mating type strain,

Fig. 1 Comparison of the homologous regions of the predicted

protein sequences of (-) mating type strains (VUT-77012) of

A. benhamiae alpha-box and M. gypseum alpha-box (GenBank

FJ798800). An asterisk indicates identity with the amino acid

found in the A. benhamiae alpha-box sequence
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indicating that A. benhamiae is heterothallic species

by this molecular analysis.
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A. benhamiae HMG MATTSGTMPM PASGSVELVT ELLWQHAISH LQKTNNEILL PIDIRSIVGG ASIEVIKTRL  60
M. gypseum HMG  ***M****** ********** ********** ********** ********** **********

A. benhamiae HMG EKLLNTPVVA FEDSVNRVYR IMPTPAFDRQ IGAAVLPMSL AVDNRSVATQ PLNGNELITQ 120
M. gypseum HMG  ********** ********** ********SR ***T****G* *S*S**I*** S***S*A*N*

A. benhamiae HMG DIICEVKAPK VPRPPNAFIL YRQHHHPVIK AAHPEYHNND ICELETKYNL IHSPLTLQAV 180
M. gypseum HMG  ****Q**G** ********** ********** ********** *--------- --------SI

A. benhamiae HMG LLGKKWKAET PETKAHFKAL AEEIKKKHAQ ENPGYQYAPR KPSEKKRRCT SRRNGSAPTQ 240
M. gypseum HMG  ********** S********* *********E ********** ********** N****A*S**

A. benhamiae HMG KHASGDGIEV SLHLSQNGIS GLIQSDAEGS GLSPDSTESV PGTQREQLPP SPPVTTSSAF 300
M. gypseum HMG  **VAS***** **R***SD** ******N**N ****E**G*A *A****NF** **********

A. benhamiae HMG HDALANQSDQ FVMGIQGGEF LSYGRRRHSP TNSMSTVNQL APIPPLPQQL PQQLPQQLNA 360
M. gypseum HMG  **T*T*H*** ****T***** *A******** ***V****** P***----S* ****T***DV

A. benhamiae HMG PQPPAEDSAQ NDWTTDVDFD FDEILP 386
M. gypseum HMG  **LH****** ********** ***DAQ

Fig. 2 Comparison of the

homologous regions of the

predicted protein sequences

of (?) mating type strains

(VUT-77011) of

A. benhamiae HMG and

M. gypseum HMG
(GenBank FJ798798). An

asterisk indicates identity

with the amino acid found

in the A. benhamiae HMG
sequence. The box indicates

the highly conserved HMG
signature sequence [2]

Fig. 3 Results of PCR of the A. benhamiae HMG gene and the

A. benhamiae alpha-box gene. Lane 1, VUT-77011 (?); lane 2,

NUBS-09011 (?); lane 3, 4–13 (?); lane 4, 4–18 (?); lane 5,

VUT-77012 (-); lane 6, VUT-97010 (-); lane 7, 4–23 (-);

and lane 8, 4–40 (-). Chitin synthase gene 1 (CHS1) [10] was

the positive control for PCR amplification for sample DNA
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